Two anthraquinone derivatives, named anthrasesamones D and E, were isolated from the roots of Sesamum indicum. Their respective structures were determined to be 1,2,4-trihydroxy-3-(4-methylpent-3-enyl)anthraquinone and 1,2-dihydroxy-3-(4-methylpent-3-enyl)anthraquinone on the basis of spectroscopic evidence.
Sesamum indicum L. (Pedaliaceae) is one of the oldest cultivated oilseed plants. We have recently found that the roots of S. indicum produced five unusual anthraquinones having C 6 side chains at C-2 in the anthraquinone ring (compounds 3-7). 1) In particular, anthrasesamone C (6) is a chlorine-containing anthraquinone, which is a rare metabolite in higher plants. [2] [3] [4] During our further search for metabolites related to anthraquinone 6, we found that sesame roots contained two additional anthraquinones having the same carbon skeleton as compounds 3-7. In this paper, we report the isolation and structural elucidation of anthrasesamones D (1) and E (2), which seem to be biogenetically related to anthrasesamone C (6). 
The two anthraquinones (1 and 2) were isolated from the CH 2 Cl 2 -soluble fraction of dried roots of S. indicum as described in the Experimental section. The HR-EIMS and 13 C-NMR spectral data for anthrasesamone D (1) revealed its molecular formula to be C 20 H 18 O 5 , indicative that 1 has one more oxygen atom in its molecule than anthrasesamone B (5, C 20 H 18 O 4 , the 1,4-dihydroxy analogue of compound 3). The 1 H-and 13 C-NMR data for compound 1 were very similar to those for compound 5, 1) suggesting that 1 is an anthrasesamone analogue. The 1 H-NMR spectrum of 1 showed a hydroxy proton signal at H 6.62, instead of an aromatic methine signal at H 7.13 in 5, and two chelated hydroxy proton signals at H 13.34 and 13.76. Moreover, its IR spectrum exhibited a hydroxy absorption at 3418 cm
À1
and a chelated carbonyl absorption at 1619 cm À1 .
5)
These findings suggest that 1 is a 1,3,4-trihydroxy analogue of 3. A 4-methylpent-3-enyl (C 6 ) side chain in 1 was deduced from the 1 H-NMR and 1 H-1 H COSY data, and confirmed by the HMBC data. The NMR assignments of the two methyl groups (C-5 0 and C-6 0 ) were established by the DIFNOE data. Irradiation of the H-5 0 methyl protons ( H 1.67) caused NOE enhancement of the H-3 0 vinylic methine signal ( H 5.24), indicating that the C-5 0 methyl group and H-3 0 proton lie on the same side of the double bond. The attachment of the side chain and hydroxy groups to the anthraquinone ring was demonstrated by the HMBC experiment. Therefore, the structure of anthrasesamone D (1) was established to be 1,2,4-trihydroxy-3-(4-methylpent-3-enyl)anthraquinone.
Anthrasesamone E (2) has the same molecular formula C 20 H 18 O 4 (HR-EIMS and 13 C-NMR data) as that of anthrasesamone B (5). However, the IR spectrum of 2 showed a hydroxy absorption at 3387 cm À1 and two characteristic carbonyl absorptions of chelated and non-chelated anthraquinones at 1632 and 1666 cm À1 , respectively. 5) Furthermore, its 1 H-NMR spectrum revealed two hydroxy proton signals at H 6.27 (nonchelated) and 12.75 (chelated), suggesting that 2 is a 1,3-or 3,4-dihydroxy analogue of 3. The HMBC experiment on 2 exhibited significant long-range 13 C-1 H correlations as follows: 4-OH/C-3, C-4 and C-4a; 3-OH/C-2, C-3 and C-4; H-1 0 /C-1, C-2 and C-3; evidence for the 3,4-dihydroxy, not the 1,3-dihydroxy, analogue. Thus, the structure of anthrasesamone E (2) was determined to be 1,2-dihydroxy-3-(4-methylpent-3-enyl)anthraquinone.
These anthraquinones (1-7) in sesame roots had the same carbon skeleton, an anthraquinone ring plus a C 6 side chain. Some anthraquinones produced by plants are biosynthesized from prenylnaphthoquinones. [6] [7] [8] Furthermore, shikonin, having a naphthoquinone ring and a C 6 side chain, is formed from 4-hydroxybenzoic acid and geranyl diphosphate. 6, 9) These findings therefore suggest that 2-(4-methylpent-3-enyl)anthraquinone (3) was biosynthesized through the formation of a geranylnaphthoquinone intermediate and subsequent cyclization of its naphthoquinone intermediate to generate the third ring. Anthraquinone 3 would be the common biosynthetic intermediate of the other anthraquinones (1, 2, 4-7) . Experimental General. NMR spectra were recorded with a Jeol JNM-A400 FT NMR spectrometer at 400 MHz for 1 H and at 100.4 MHz for 13 C. All NMR chemical shifts were referenced to CDCl 3 ( H 7.24, C 77.0). Mass spectra were obtained with a Jeol JMS-SX102AQQ hybrid mass spectrometer. UV-vis spectra were measured with a Shimadzu UV-1600 UV-visible spectrophotometer, and IR spectra with a Jasco FT/IR-670 Plus spectrometer.
Plant materials. Seeds of Sesamum indicum L. were purchased from Takii Seed Co. (Kyoto, Japan). Sesame plants were cultivated in the field of Kagawa University in 2001, and the roots were harvested three month after sowing the seeds.
Extraction and isolation. Lyophilized roots of S. indicum (661 g) were treated with MeOH (Â3), and the MeOH solution obtained was evaporated to dryness. The residue was partitioned with CH 2 Cl 2 (500 ml Â 3) and water (500 ml) to give the CH 2 Cl 2 -soluble fraction (12.2 g). Half of this fraction (6.1 g) was subjected to silica gel column chromatography, using stepwise elution with acetone-hexane containing 0.1% AcOH. The fractions (392 mg) eluted with 5% and 10% acetone in hexane were purified by Sephadex LH-20 column chromatography with MeOH-CH 2 Cl 2 (1:1) as the solvent. The fractions containing the anthraquinones were further purified by preparative HPLC (Cosmosil 5C 18 -MS, 10 Â 250 mm; 254 nm) with MeOH-H 2 OAcOH (98:2:0.2; 1.5 ml/min) as the solvent to afford 1 (14 mg) and 2 (6 mg).
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